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Genomic analysis of barley paints a picture of diffuse
origins of this crop, with different regional wild
populations contributing putative adaptive variations.species.
Subsequently, Childe added a cultural dimension, alsoIntroduction
Barley did not come from any one place. Contrary to the
common perception that domesticates originate from a
single center associated with a single culture, a recent
study published in Genome Biology by Poets et al. [1]
shows that barley comes from a wide region spanning
across the Levant and beyond. This finding has ramifi-
cations for our understanding of the evolution of
domesticated crops.
There is a long history of domesticated crops being
considered centric in their origins. At the time that
Darwin was amassing evidence for the mechanism of
evolution by natural selection, the common perception
amongst farmers and breeders was that different
varieties of domesticated organisms represented differ-
ent domestication events from different species or wild
variants. Darwin overthrew this notion, most famously
with his demonstration that crossing different domesti-
cated varieties of pigeons could reproduce a single wild
form: the rock pigeon. His purpose was to prove that
each of the domesticated varieties had been modified
from a single wild ancestor as a pure lineage on which
artificial selection had acted, thereby illustrating the
power of small increments in the selection process.
Arguably, it was Darwin who originally invoked a cen-
tralized origin for most of our domesticated plants and
animals, linking the domestication of each species back to
a single ancestor and event. Although he had no notion of
the mechanism of inheritance, his argument was essen-
tially a genetic one. The concept of a single origin devel-
oped a geographical aspect with Vavilov’s Centers ofCorrespondence: r.g.allaby@warwick.ac.uk
School of Life Sciences, University of Warwick, Coventry CV4 7AL, UK
© 2015 Allaby. Open Access This article is d
International License (http://creativecommons
reproduction in any medium, provided you g
the Creative Commons license, and indicate if
(http://creativecommons.org/publicdomain/zecenters were associated with a number of domesticated
forms arising together, so that centers of diversity were
correlated with centers of origin. This concept was further
developed in the context of single species, such that the
origin of any one species was proposed to be associated
with the area of highest genetic diversity within that
with a centralizing narrative, in the form of the concept
of a Neolithic Revolution. According to this concept,
the rise of domesticated forms was associated with an
elite group of proto-farmers. This would require that
all of the crops within a ‘Neolithic Package’, the suite of
half a dozen or so crops associated with the rise of agri-
culture, arose from a geographically restricted region
over a short period of time, which fits in with Vavilov’s
Centers of Origin hypothesis. The overlapping biogeo-
graphic distributions of the crops of the Near East were
subsequently used to identify this core region as the
northern reaches of the Fertile Crescent. Genetic evi-
dence for a single origin for many crops was found in
the mutations that cause domestication syndrome
traits, or the features that define a plant as domesti-
cated [2]. For example, the development of a tough
rachis (the stalk that bears the grain) to prevent seed
dispersal in cereals and the release of dormancy in
pulses are both often under simple genetic control. In
almost all cases the same mutation is found to be
responsible for the syndrome trait in any one species,
implying that a single domestication event was involved
[2]. For many, such compelling evidence seemed to
punctuate the end of the debate.Barley: the crop that would not fit
Poets and colleagues have recently demonstrated a pat-
tern of genetic diversity in barley that runs entirely
counter to the view of a centric origin [1]. Barley, they
have shown, is the mosaic product of a number of wild
populations that span across the Fertile Crescent and
beyond. In fact, barley was always a problem crop for
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ing the most compelling evidence for a single origin,
but barley has two such mutations. Previously, this has
been interpreted as a rare example of a polycentric origin
[2]. Earlier work by the Morrell group [3] showed that the
two tough rachis mutants in barley are associated with
genetically distinct groups of domesticated barley, one
associated with the West and the other with the East,
suggesting that a core center area of origin probably did
not apply to barley. Recent archaeological evidence has
confirmed the existence of a hitherto unrecognized east-
ern area of the Fertile Crescent in the foothills of the
Zagros Mountains where domestication occurred inde-
pendently from that in other Levant regions [4].
Centricity and genomics
A polycentric description of barley’s origin is still one
of centricity, implying a specific locality of origin, or in
this case two specific localities. Any one tough rachis
mutant must come from somewhere specific; the attri-
bution of the origin of the genome as a whole to the
same locality, however, is a questionable inference that
relies on the assumption of the sudden rise of domesti-
cated forms along with strong selection for the mutant.
Of course the same principle applies to crops in which
only a single tough rachis mutant is known, such as
wheat [2]. Archaeology has indicated that something
more complex probably occurred: selection for a tough
rachis was weak and slow in all the major cereals [5].
Furthermore, archaeology indicates that domesticated
forms arose in different areas in parallel rather than in
a core area alone [6]. These findings open up the
possibility that, over the longer timescales involved of
thousands rather than tens of years, different parts of any
one crop genome may have come from different regions.
The first genetic evidence that indicated this possibility
came from a study of 18 genes in einkorn (Triticum
monococcum), which showed that the domestication-
associated alleles most probably originated from a wide
range of areas in the northern ranges of the Fertile
Crescent [7]. At a wider scale, using retro-element pro-
files, it was later shown that emmer wheat (Triticum
dicoccum) appeared to be related to wild populations right
across this geographical range [8].
Poets and colleagues have increased the resolution of
the evidence further, examining 6152 single nucleotide
polymorphisms (SNPs) in barley to give a truly genomic
picture of the crop's origin. They divided wild barley
into five regional metapopulations, corresponding to
Mesopotamia, the Northern and Southern Levant, the
Syrian Desert and Central Asia. They found that they can
discern several regional groups of domesticated barley re-
lating to Central Europe, Coastal Mediterranean, Asia and
East Africa. Generally, the western (European) populationsof domesticated barley are more related to western wild
barley populations, and conversely the eastern (Asian)
barley populations are more closely related to eastern
wild barley populations. The big surprise is that all five
of the wild metapopulations have contributed to all of
the domesticated barley groups. The differences ob-
served between the cultivated groups is in the degree of
each wild population’s contribution. Poets and col-
leagues ruled out the most obvious confounding signal
that could give rise to this overall picture — recent
introgression from different wild groups into cultivated
barley — by searching for linkage blocks that are shared
between cultivated and wild populations. They found
none.
The emergent picture of crop genomes that has come
into focus has changed from one in which a center is
identified by a single locus, to a polycentric view in
which several genes are considered, to a profusion of
loci with alleles heralding from different localities. It
makes less sense to consider an origin to be polycentric
when there are a large number of geographic areas
involved that cannot, by definition, be considered as
centric. Genomics is settling on a diffuse origin for do-
mesticated barley, which may also reflect the truth for
the origins of other crops, such as emmer and einkorn.The adaptive strength of a diffuse origin: regional
specializations
Wild barley’s growing regions span a range of habitats,
from grasslands of varying altitude through to desert
regions. Each of these areas has its own locally adapted
barley ecotypes. The geographic mosaic of the domesti-
cated barley genome opens up the possibility that it
may not just be neutral population processes and selec-
tion for specific domestication syndrome traits that give
rise to the domesticated forms. Poets and colleagues
examined the ancestral composition of the genomes of
each of the regional domesticated groups and found
striking patterns. For example, both Asian and Western
barleys have a specific genome segment contributed by
the wild barleys of the Syrian Desert. Similarly, the
northern Mesopotamian wild barleys have contributed
specific segments to Western and Asian barleys. The
implication is that cultivated barley may have gained in-
creased drought resistance or other qualities from such
wild contributions. The resulting domesticated crop is
genetically diverse, and quite possibly more robust in
its ecogeographic range than it would have been if it
had originated from just one locality. The next step will
be to identify candidate genes that are associated with
these genomic blocks to see if more can be understood
about the qualities that were supplied to the crop by
each region. A similar understanding of the origins of
Allaby Genome Biology  (2015) 16:176 Page 3 of 3all the major cereals may have profound implications
for food security.
Concluding remarks
Is barley domestication the exception or the rule? The
archaeological evidence and more limited genetic evi-
dence from other crops suggests that it may well be
typical. Data such as those supplied by Poets and col-
leagues are causing us to rethink how domestication
evolved in crops. While there has been intense focus on
domestication syndrome traits, this study shows that
background diversity also had an important role to play
in how the domesticated forms of crop species came
about. The point is starkly made in rice, where conten-
tion continues on the origin of Oryza indica, in which
all the domestication syndrome traits are derived from
Oryza japonica but the genetic background is entirely
Indian [9]. The level of genetic diversity found in barley
implies that other processes occurred in addition to the
unconscious selection of syndrome traits, which could
reflect wider networks of human interaction than previ-
ously supposed. Is the idea of Centers of Origin over
for crops? The prevailing evidence seems to be coming
out in support of Harlan’s original description of ‘non-
centers’ [10] for the cereals, but we have yet to under-
stand how our ancestors produced such genetically
diverse crops.
Competing interests
The author declares that they have no competing interest.
References
1. Poets AM, Fang Z, Clegg MT, Morell PL. Barley landraces are characterized by
geographically heterogeneous genomic origins. Genome Biol. 2015;16:173.
2. Zohary D. Monophyletic vs. polyphyletic origin of the crops on which
agriculture was founded in the Near East. Genet Res Crop Evol. 1999;46:133–42.
3. Morrell PL, Clegg MT. Genetic evidence for a second domestication of
barley (Hordeum vulgare) east of the Fertile Crescent. Proc Natl Acad Sci
U S A. 2007;104:3289–94.
4. Riehl S, Zeidi M, Conard NJ. Emergence of agriculture in the foothills of the
Zagros Mountains of Iran. Science. 2013;341:65–7.
5. Fuller DQ, Denham T, Arroyo-Kalin M, Lucas L, Stephens CJ, Qin L, et al.
Convergent evolution and parallelism in plant domestication revealed by an
expanding archaeological record. Proc Natl Acad Sci U S A. 2014;111:6147–52.
6. Fuller DQ, Willcox G, Allaby RG. Early agricultural pathways: moving outside
the ‘core area’ hypothesis in Southwest Asia. J Exp Bot. 2012;63:617–33.
7. Kilian B, Özkan H, Walther A, Kohl J, Dagan T, Salamini F, et al. Molecular
diversity at 18 loci in 321 wild and 92 domesticate lines reveal no reduction of
nucleotide diversity during Triticum monococcum (einkorn) domestication:
implications for the origin of agriculture. Mol Biol Evol. 2007;24:2657–68.
8. Civáň P, Ivaničová Z, Brown TA. Reticulated origin of domesticated emmer
wheat supports a dynamic model for the emergence of agriculture in the
Fertile Crescent. PLoS One. 2013;8:e81955.
9. Sang T, Ge S. Understanding rice domestication and implications for cultivar
improvement. Curr Opin Plant Biol. 2013;16:139–46.
10. Harlan JR. Agricultural origins: centers and noncenters. Science. 1971;174:468–74.
